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Abstract 
This paper uses both DEA-CCR and DEA-
highway systems respectively with respect to freight and passenger transport productivity. The results reveal that 64.5% of 
provincial highway systems present decreasing returns to scale. The non-parametric test shows that there is no significant 
difference in regional management levels and that 45% of provincial highway systems are not efficient in their management 
levels. Thus, the corresponding improvement target and direction are dealt with in the paper. In addition, a super-efficiency 
analysis is conducted to rank the efficiency of highway systems. In this paper, the management level efficiency and scale 
efficiency scores for these systems provide the management authorities with policy-making strategies of how to allocate 
resources so as to maximize the output efficiency of their systems. 
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1. Introduction 
Highway transport is a major means of transportation in China. Its total volume and turnover of freight and 
Jérome Massiani (2008) and Guilherme Henrique Ismael (2012) 
have proved that the evaluation and analysis of highway transport need to be based not only on absolute quantities 
but also on the relative efficiency of their inputs and outputs, respectively taking Italian and Brazilian 
transportation systems as 
analysis of the utilization efficiency ighways is of practical significance.   
Traditionally, the evaluation of highways has been performed mostly from the perspective of engineering, that 
is, highway construction projects but there are few evaluations which focus on the economic efficiency of 
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highway outputs. The research methods used in evaluating the economic efficiency can be divided into two kinds: 
a comprehensive evaluation method (including such famous methods as Analytic Hierarchy Process (AHP) and 
Principal Component Analysis) and a relative efficiency evaluation method. The major difference between these 
two methods is whether the evaluation indicators need to be given a corresponding weight. In recent years, some 
progress has been made concerning the evaluation of the input and output efficiency of Chinese highways based 
on data envelopment analysis, but there are not enough related researches. And the current articles focus mainly 
on the longitudinal efficiency evaluation of input-output based on time series data. The typical research was 
conducted by Wu et al. (2005) who used DEA model to analyze the overall trend of Chinese highway transport 
efficiency of each year according to 14 years of Chinese traffic system and economic system indicators. 
Huanying Lei (2007) took Jiangxi Province as an example to compare its efficiency by applying DEA model and 
Zhang and Zhanxin Ma 2010 developed a corresponding DEA model based on 9 years of historic data in 
Neimenggu and offered some suggestions feasible for the development of highways in this area. Xiadong Ding et 
al. (2011) applied DEA to establish a model based on 30 years of data obtained from the Chinese transportation 
industry. He classified the development of the industry into four stages and summarized the main factors that 
-sectional multi-area-based 
researches concerning the relative efficiency of highway transport and these previous researches are limited to 
one province alone. Yanzhong Li (2001) first applied DEA to the lateral assessment of the road network 
consolidated efficiency of 9 provinces and cities including Shanghai. Jingwu Chen et al. (2007) adopted DEA to 
measure the input/output efficiency of the road network involving districts and counties in Tianjin. Jin GU et al. 
(2008) used DEA model to analyze and evaluate the transport system of each city in Jiangsu Province. Hongwei 
Yao (2011) examined the highway network efficiency in Liaoning Province. 
However, there are few papers in the literature regarding the cross-sectional comparison of the relative 
efficiency of highway transport economic inputs/outputs between Chinese provinces and cities. This paper makes 
a cross-sectional comparison between 31 provinces and cities in China (excluding Hong Kong, Macao and 
Taiwan due to the differences in statistical tools) by adopting DEA-CCR and DEA-BCC models and put forward 
some suggestions for improvement. 
2. Literature review 
Traditionally, the expert method has been commonly used in evaluating the highway transport in order to 
identify both evaluation indicators and weight of each indicator which is known as a comprehensive evaluation 
approach. DEA is a dimensionless method of measuring the relative efficiency of a Decision-Making Unit 
(DMU) with multi-inputs and/or multi-outputs. A fundamental difference between these two approaches is that 
DEA takes into consideration not only the outputs of highway transport such as economic output and external 
output, but also its inputs so that the relative efficiency of different decision-making units can be compared. In 
addition, DEA does not require specification of weights for each input or output indicator, which ensures the 
fairness of the evaluation to a certain extent.  
Wu and Chen (1996) made the first attempt to apply DEA in the field of public traffic systems in China and 
dealt with the comprehensive evaluation of the systems. Wu (1999) established a DEA model with AHP restraint 
cone, which combines the characteristics of both approaches. Lee et al. (2001) conducted empirical studies on 
assessing the highway network by utilizing DEA model and proved the effectiveness of DEA in terms of highway 
evaluation by comparing it with the uniform evaluation method, but he did not use economic outputs as output 
indicators. Wu et al. (2005) established a comprehensive DEA model for the evaluation of the relative efficiency 
of highway transport in terms of the coordination between highway transport and economic development.   
As far as the current DEA models for the economic input/output efficiency of highway transport are 
concerned, their input indicators involve the three components of production theory, that is, labor, capital and 
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material resources. Labor resource inputs refer to the operational population indicator of the highway transport 
industry. Material resources include highway infrastructures and commercial vehicles directly employed in 
transport. Capital investment is reflected in terms of direct input indicators for highway transport. When the 
highway infrastructure is evaluated, most often the total road mileage (the direct summation of mileages of 
different classes of roads in different regions), the pavement rate and the road accessibility rate need to be 
considered. There are different classes of highways in China such as expressways and unclassified highways and 
their capacities vary greatly. Consequently, the highway network input indicators mentioned above are not 
accurate enough. Chen (2007) and Yao (2011) used the highway network technology grade and total highway 
network mileage as input indicators respectively, which unfortunately caused the data redundancy. Chen (2006) 
designed a combination-weighting method to evaluate the highway network and his empirical research proved 
that this method could produce consistent results whether it applies multiple correlation coefficients or factor 
analysis method. However, he failed to combine the total highway mileage and highway network hierarchy into 
one single indicator when using DEA model to perform an analysis. In view of the fact that the road network 
mileage can, to a large extent, reflect capital investment, this paper adopts the following three input indicators of 
the comprehensive DEA evaluation model for highway transport: the total weighted road network mileage 
processed by multiple correlation coefficients, the operational population of the road transport industry and the 
total number of commercial vehicles. 
The output indicators mentioned in the literature comprise GDP, total population and total volume and 
turnover of freight and passenger transport. But GDP and total population are not included in this paper because 
they are too comprehensive. There was controversy regarding the choice of total volume and turnover of freight 
and passenger transport as two sets of output indicators. Yao (2011) and Wang (2011) chose the total freight and 
passenger volume as two output indicators whereas Zhang and Ma (2010) chose their total turnover as two output 
indicators.  Gu et al. (2008) selected four output indicators from the same two sets. As far as the calculation 
methods were concerned, there was a direct positive correlation between these two sets of indicators, therefore the 
inclusion of both sets in the output index system was slightly inappropriate. This paper respectively establishes 
models based on the two sets of indicators to compare and analyze their outputs and draw more specific and 
interesting conclusions. In addition, the output indicators involve only economic indicators without including the 
negative externalities of highways in the model indicators. Zhang (2000) and Cai (2001) respectively concluded 
through computation that the traffic accident externalities made up the largest proportion under the influence of 
Chinese and EU road externalities. Yu et al. (2006) put forward the hypothesis that comprehensive traffic 
mortality could represent the evaluation indicators for Chinese road safety level, but she did not conduct the 
related empirical research yet.  
Since the number of traffic mortality in China has been ranked number one in the world for many years, this 
paper uses the traffic death toll per 100,000 as the output indicators for highway externalities to establish four 
models based on the total freight and passenger volume and total freight and passenger turnover respectively, and 
then applies both DEA BCC and DEA CCR methods to make a cross-sectional evaluation of the relative 
efficiency of road transport in Chinese provinces and cities.  
3. Methodology 
The methodology adopted in this paper involves the determination method of the weights for different classes 
of roads and the non-parametric evaluation method, namely DEA. 
3.1. Highway weight value determination 
The original DEA model chose the weights favorable for decision-making units without any restrictions. The 
results derived from this could not possibly be consistent with the facts. There are two ways to determine the 
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weights: an objective weighting method based on a difference-driven principle and a subjective weighting method 
based on a function-driven principle. Obviously the weighted coefficients determined by the subjective weighting 
method are, to a great extent, limited by the bounded rationality of decision-makers while the objective weighting 
method can rule out the possibility of the bounded rationality. However, the weights assigned by using the 
difference-driven objective weighting method can only reflect the overall differences between all the evaluated 
systems which were based on the principle of maximizing the differences between the evaluated systems. And 
these differences do not reflect the importance of the corresponding indicators. Thus, in this paper order relation 
analysis method is applied which is a subjective method. Then the results will be compared by means of multiple 
correlation coefficients later in this paper which is an objective method. 
In China there are five grades of standard highways, namely expressway, arterial highway, second-class 
highway, tertiary highway and substandard highway. For each arbitrarily selected highway class ix , the multiple 
correlation coefficient i is a measure of how well ix can be replaced by other classes. When i is equal to 1, 
ix can be predicted using others, meaning that ix can be discarded or vice versa. The multiple correlation 
coefficient of each highway class is computed as shown in formula (1):  
]1[**)1(*)1(1 2 )1(12
2
12
2
112 kykyyky rrr  (1) 
Where ky 12 is the multiple correlation coefficient between y and other k variables while )1(12 kykr is the 
partial correlation coefficient between variables y and k under the condition of elimination of the influence of 
other k-1 variables. 
 The weight iw of the indicator ix is the ratio of reciprocal of the corresponding multiple correlation 
coefficient to the sum of reciprocals of all multiple correlation coefficients, i.e. formula (2) 
)]1(*[1 iiiw   (2) 
As mentioned earlier, the weights derived from the difference-driven objective method were not in accord with 
the reality. In view of the highway classes in the strict sense of the order relation, that is, the expressway capacity 
is greater than that of  arterial highway, whose capacity is greater than that of second-class highway, and so on, 
this paper adopts the order relation analysis method (Guo, 2007) and its steps are as follows: 
Step1. Determine the order relation. Obviously, the priority of five highway grades from high to low is 
expressway 1x , arterial highway 2x , second-class highway 3x , tertiary highway 4x and substandard 
highway 5x . 
Step2. Determine the ratio kr of importance between 1kx and kx , which is according to rational judgment. 
The alternative value set of kr is given in Table 1. 
Table1.   kr  assignment reference table 
kr  Description 
1.2  Indicators 1kx  are slightly important than kx  
1.4 Indicators 1kx  are obviously important than kx  
1.6 Indicators 1kx  are strongly important than kx  
1.8 Indicators 1kx  are extremely important than kx  
If 1x , 2x , ··· mx  have an order relation, then 1kr  and kr  satisfy formula (3)  
2,3,,1,,11 mmkrr kk   (3) 
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Step3. Compute kw : 
If the rational judgment of experts satisfies formula (3), then we have 
m
k mk
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m
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2 12
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ki mki
wwr 1 where k = 2, ,m  (4) 
Note that sum of total weights is 1, formula (4) can be derived as follows: 
1
2
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m
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m
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wr   (5)   
4. Data envelopment analysis (DEA) 
DEA is a non-parametric method of measuring the relative efficiency of a Decision Making Unit (DMU) with 
multi-inputs and/or multi-outputs. Since the method was initially proposed by Charnes et al. in 1978, DEA has 
been successfully and widely used for the relative efficiency evaluation of banking performance, hospital 
performance, and school efficiency and of the input and output rates of ports and airports. The original DEA 
model experienced a phenomenal expansion in terms of its theory, methodology and application. These two 
typical models were DEA-CCR model developed by Charnes et al. (1978) and DEA-BCC model established by 
Banker et al. (1984).  These two models differ in that the latter takes economies of scale into account. By keeping 
the input or output of the decision-making unit (DMU) unchanged and by means of mathematical programming 
methods to measure the relatively effective production frontier, DEA projects each decision-making unit onto the 
DEA production frontier and evaluates their relative effectiveness by comparing the degree of deviation of the 
decision-making unit from the DEA frontier. The decision-making units on the production frontier have a value 
of efficiency 1. In consideration of the fact that once the road infrastructure is built, it is impossible to reduce 
investment even if it is operating non-efficiently, that is, the highway construction investment is the sunk costs, 
the dual DEA model using the variable returns to scale approach adopted in this paper satisfies the following 
linear programming (6). 
nj
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  (6) 
Where j are weights of a combination of n DMU, 
n
j jj
X
1
 and 
n
j jj
Y
1
 are the input and output 
vectors with this weighted combination, 0jX and 0jY are the input and output vectors of the j0th DMU. The 
model mentioned above is to find a combination of n DMU to maximize the output so that the input is less than 
that of j0th DMU. Discard 1
1
n
j j
  in the DEA-BCC model above, the DEA-CCR model is then obtained. 
These two models differ in that the former measures merely the pure technical efficiency (vrste) with an 
assumption of constant returns to scale whereas the latter takes into consideration the technical and scale 
efficiency simultaneously, that is, the comprehensive efficiency (crste) proposed by some scholars. The scale 
efficiency is the ratio between comprehensive efficiency and technical efficiency. For the non-effective DMU0, 
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its improvement targets *0X and 
*
0Y can be calculated according to the combined coefficients j  projected onto 
the efficient DMU and reference efficient DMU: 
n
j jj
XX
1
*
0   (7) 
n
j jj
YY
1
*
0   (8) 
By making the comparison between the improvement targets and the current input-output, the improvement 
direction of the non-efficient DMU can be determined. Since the efficient DMUs have the same efficiency value 
of 1, they cannot possibly be ranked, but they can be re-ranked after the super efficiency value is measured. 
5. Data set 
This research focuses on provincial administrative regions in China. There is a significant correlation (the 
correlation coefficients are greater than 0.919 and 0.909 respectively at a significant level of 0.01) between the 
freight and passenger volume and turnover as output indicators in all the regions. Therefore, they are used as 
outputs to build a model for DEA analysis and some meaningful results can be yielded accordingly. In addition, 
with the exception of the death toll per 100,000 being a ratio, all the other data are the absolute figures. The 
specific indicator-selecting basis has been dwelt on in the literature review in Section 2. The following is the 
detailed definition of each indicator. 
Road operational population X1 labor resources are one of the most important indicators to measure the 
highway transport input and output of a country. The larger the operational population is, the higher the human 
capital is and the higher requirements of the output utilization of highways.   
Highway mileage X2 (Km): This indicator is currently studied and evaluated by using the principal component 
analysis. The similar research was conducted by Gu and Lee (2003). When they analyzed the input and output 
efficiency of highways by means of DEA, the highway mileage as an indicator was a direct summation of 
mileages of various classes of highways, which, clearly, does not reflect the fact. The mileage of various classes 
of highways must be assigned the weights. This paper utilizes both order relation analysis method and multiple 
correlation coefficient method to weigh the highways of different classes, and to compare their results in order to 
prove the correctness of the approaches adopted to process these indicators.  
Results from a survey of 25 professors of different universities made on the questionnaires designed by using 
previous method yield the mean value )5,4,3,2(25.1,4.1.36.1,52.1 krk . Bring these values into Formula 
4, and the weights of highways of various classes can be assigned according to the order relation analysis 
method. The final weights given by order relation analysis method (Weights II) and the contrastive results by 
multiple correlation coefficient method (Weights I) are shown in Table 2. Their noticeable difference is that the 
weights do not satisfy the fact that highways of a higher class have a larger weight value, for example, the 
substandard highway has the largest weight value but has the lowest traffic capacity. It follows that the order 
relation analysis is more applicable to the context in this paper. 
Table2.  Weight determination of various classes of highways 
 Expressways 
Arterial 
highways  
Second-class 
highways  
Tertiary 
highways 
Substandard 
highways  
Multiple correlation coefficients 0.877 0.765 0.890 0.808 0.573 
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Weights I 0.174 0.199 0.172 0.189 0.266 
Weights II 0.362 0.238 0.175 0.125 0.101 
The total volume of passenger/freight transport Y1/Y2 (10,000 persons /100 million km):  they refer 
respectively to the passenger volume and freight volume transported with various conveyances during a given 
period of time. The Y1 and Y2 provides a quantitative measure to show how the transport industry serves the 
national economy and people, and is also an important indicator for planning the transport industry and for 
studying the development scale and speed of the transport industry. Despite the type of freight and its travelling 
distance, the freight transport is calculated in the actual weight of the goods; and despite the travelling distance 
and ticket price, the passenger traffic is measured by the principle that one person can be counted only once in 
one travel.  The higher the total volume is, the greater the actual value of highway transport.   
Commercial vehicles X3 (ten thousands vehicles): It refers to the total number of freight and passenger 
vehicles for transport use which are registered in public security traffic management. Like the operational 
population, commercial vehicles are the fixed investments in road transport. 
Passenger /Freight turnover Y3 /Y4 (10,000 persons*km /100 million tons*km): they refer respectively to the 
sum of the products of the volume of transported passengers/freight multiplied by the transport distance during a 
given period. They are important indicators to show the total results of the transport industry, to prepare and 
examine the transport plan and to measure the efficiency, the labor productivity and the unit cost of the transport.  
Traffic accident rate Y5 (a person per 100, 000 inhabitants) :  It is the annual number of road fatalities per 100, 
000 inhabitants in the studied regions.  The number of road fatalities is the most important indicator to measure 
road safety and serves as the only ratio data of output indicators in this paper. This rate can be calculated based 
on the yearly number of traffic fatalities and the total population of the studied region. The traffic death number 
tput, 
the traffic accident rates which are a negative index can be converted into a positive index (Yonghong Hu, 2000). 
6. Empirical results and suggestions 
From the point of view of maximum output indicators, the mathematical statistics result shows that Shandong 
Province has realized the largest freight volume and turnover with the biggest number of commercial vehicles. 
Similarly, Guangdong Province has realized the largest volume and turnover of passenger transport with the 
largest operational population. Shanghai has the lowest volume of passenger transport, but it has the shortest road 
mileage and fewer capital investments in its road hardware and maintenance. This is the case with the Tibetan 
area. Henan highway system is the safest, which indicates its high relative efficiency. In contrast, Sichuan has no 
significant output and there is a likelihood of lower relative efficiency despite the most investments it has put in 
highways. Since DEA approach is greatly influenced by the extreme value of indicators, the final relative 
efficiency is likely to be noticeable in the aforementioned areas. 
Because there is a high degree of correlation between total freight /passenger volume and turnover, it is 
necessary to decide which one of them is more suitable to be used as an output indicator. For this purpose, the 
volume-based DEA model and the turnover-based DEA model are established. The corresponding results are 
shown in Table 3. The third and seventh columns indicate the relative efficiency of all the provinces under the 
two DEA models. The fourth and eighth columns calculate the super-efficiency of the DMU with the efficiency 
score of 1 in order to receive the corresponding ranking. The data in the last column shows a change in the 
relative efficiency ranking of each province when the total turnover is replaced with the total volume as an output 
indicator.  
54.8% of provinces have improved their rankings, which shows their good performance in medium and long 
distance transport while 32.8% of provinces have decreased their rankings, which provides meaningful 
information about how to increase the output efficiency of their highway systems, that is to say, how to develop 
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their medium and long distance transport. It is also clear from Table 4 that Tianjin, Guangdong and Jiangsu, 
freight and passenger turnover takes into account the circulation space value of freight and passenger, the use of 
the turnover-based DEA model achieves the more actual efficiency of the highway system. In what it follows, we 
use the turnover-based model to analyze the scale efficiency, technical efficiency and combined efficiency of the 
highway systems, whose corresponding results are shown in Table 4.   
 
 
 
Table3.  Two DEA models based on different outputs 
DMU Province 
outputs: Volume Based outputs: Turnover Based Rank  
Variation Efficiency Super-efficiency Rank I Efficiency Super-efficiency Rank II 
1 Beijing 1 2.524  1 1 1.484  5 -4 
9 Shanghai 1 2.431  2 1 1.712  2 0 
21 Hainan 1 2.126  3 1 1.967  1 2 
30 Ningxia 1 1.614  4 1 1.676  4 0 
12 Anhui 1 1.376  5 1 1.682  3 2 
2 Tianjin 0.977  6 1 1.023  7 -1 
14 Jiangxi 0.946  7 0.829  12 -5 
19 Guangdong 0.882  8 1 1.035  6 2 
15 Shandong 0.875  9 0.772  13 -4 
18 Hunan 0.87  10 0.704  19 -9 
11 Zhejiang 0.87  11 0.908  10 1 
23 Sichuan 0.858  12 0.621  22 -10 
10 Jiangsu 0.818  13 1 1.008  8 5 
20 Guangxi 0.809  14 0.948  9 5 
5 Neimenggu 0.809  15 0.83  11 4 
22 Chongqing 0.806  16 0.509  28 -12 
6 Liaoning 0.802  17 0.573  24 -7 
26 Tibet 0.799  18 0.739  16 2 
24 Guizhou 0.739  19 0.745  15 4 
27 Shaanxi 0.735  20 0.561  25 -5 
7 Jilin 0.661  21 0.67  20 1 
29 Qinghai 0.634  22 0.705  18 4 
16 Henan 0.617  23 0.629  21 2 
13 Fujian 0.593  24 0.59  23 1 
17 Hubei 0.587  25 0.711  17 8 
3 Hebei 0.567  26 0.754  14 12 
28 Gansu 0.52  27 0.524  27 0 
4 Shanxi 0.444  28 0.333  30 -2 
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31 Xinjiang 0.443  29 0.561  26 3 
25 Yunnan 0.356  30 0.491  29 1 
8 Heilongjiang 0.318  31 0.307  31 0 
The non-parametric Wilcoxon test shows that Chinese highway systems should improve their management 
level when scale efficiency is taken into account, in order for l needs to be emphasized. In terms of scale 
efficiency, 64.5% of provincial highway systems show decreasing returns to scale, which has proved the 
argument put forward by some scholars that there is over investment in Chinese road transport. In order to best 
utilize highways, the local authorities should try to improve the operational quality of highways instead of using 
an investment-driven method in the long term.  Zhejiang, Tibet and Qinghai show increasing returns to scale 
although Tibet and Qinghai are underdeveloped areas in western China and Tibet, limited by its geographical 
locations, still has fewer resources to invest in highway systems. Zhejiang which has come to the forefront of 
 
Table4.  Efficiency scores for decision-making units 
DMU 
Labor Mileage Vehicles 
Passenger 
turnover 
Freight 
turnover 
Accidents CRS VRS Scale Units position 
on the frontier 
Beijing 51532 3112.72  15.75  290.65  101.59  10.58  1.000  1.000  1.000  Constant 
Tianjin 17526 2362.50  8.49  131.81  231.25  8.23  1.000  1.000  1.000  Constant
Hebei 90642 21364.56  80.73  442.25  4011.24  11.80  0.754  0.984  0.766  Decreasing  
Shanxi 45638 17998.95  39.00  215.70  969.89  8.69  0.333  0.701  0.475  Decreasing 
Neimenggu 33012 20988.16  29.29  218.21  2261.12  9.98  0.830  0.926  0.896  Decreasing 
Liaoning 65815 14196.32  55.23  388.75  1930.34  10.67  0.573  0.879  0.652  Decreasing 
Jilin 26025 12180.60  25.09  269.58  683.14  10.25  0.670  0.889  0.754  Decreasing 
Heilongjiang 64412 19139.18  38.43  243.19  762.42  11.90  0.307  0.954  0.322  Decreasing 
Shanghai 24698 1871.53  18.43  115.44  265.93  11.16  1.000  1.000  1.000  Constant
Jiangsu 81189 21685.42  55.98  1196.59  1149.06  9.15  1.000  1.000  1.000  Constant
Zhejiang 89728 15410.23  50.81  882.04  1298.71  5.66  0.908  0.915  0.993  Increasing  
Anhui 51578 19778.68  47.29  1010.19  5004.91  10.71  1.000  1.000  1.000  Constant
Fujian 41650 11882.21  22.80  346.68  578.32  7.90  0.590  0.730  0.807  Decreasing 
Jiangxi 48205 17981.92  25.39  330.48  1850.20  11.95  0.829  1.000  0.829  Decreasing 
Shandong 104576 31803.60  91.38  1211.51  6216.80  11.09  0.772  1.000  0.772  Decreasing 
Henan 93380 31589.95  83.77  1031.18  4860.63  13.60  0.629  1.000  0.629  Decreasing 
Hubei 62321 27263.32  34.66  631.39  1079.13  12.15  0.711  1.000  0.711  Decreasing 
Hunan 62099 28505.95  40.38  683.58  1539.36  12.25  0.704  1.000  0.704  Decreasing 
Guangdong 171423 26533.08  90.27  1736.34  1735.40  9.60  1.000  1.000  1.000  Constant
Guangxi 59559 13371.04  30.91  695.32  1173.45  10.46  0.948  1.000  0.948  Decreasing 
Hainan 11895 2906.06  5.31  150.03  90.82  10.12  1.000  1.000  1.000  Constant
Chongqing 49304 14542.10  26.55  351.03  610.31  12.02  0.509  1.000  0.509  Decreasing 
Sichuan 78388 33405.19  55.37  802.23  985.07  11.90  0.621  0.953  0.652  Decreasing 
Guizhou 25472 17610.76  20.58  281.02  286.72  12.28  0.745  1.000  0.745  Decreasing 
Yunnan 44379 25921.90  44.64  352.10  548.53  11.44  0.491  0.905  0.543  Decreasing 
Tibet 2840 7059.11  2.29  22.77  26.56  1.94  0.739  1.000  0.739  Increasing 
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Shaanxi 45847 19378.81  28.73  383.99  1195.91  10.34  0.561  0.857  0.655  Decreasing 
Gansu 28393 14843.41  18.08  220.15  524.09  9.66  0.524  0.829  0.632  Decreasing 
Qinghai 9204 7770.14  6.86  50.21  227.47  5.36  0.705  0.733  0.962  Increasing 
Ningxia 8188 3259.90  10.65  65.31  538.27  8.56  1.000  1.000  1.000  Constant
Xinjiang 27707 18709.41  30.19  271.12  653.03  6.28  0.561  0.586  0.956  Decreasing 
Min 2840 1871.53  2.29  22.77  26.56  1.94  0.307  0.586  0.322   
Mean 52149  16916.99  36.56  484.54  1399.67  9.92  0.742  0.930  0.795   
Max 171423  33405.19  91.38  1736.34  6216.80  13.60  1.000  1.000  1.000   
Std.dev 34964  9092.76  24.59  409.62  1554.99  2.47  0.208  0.109  0.189   
Chin
geography and economy. The Eastern region consists of 12 coastal provinces and cities, and Central and Western 
regions include 9 and 10 provinces, cities and autonomous regions respectively. When it comes to the scale 
efficiency of Chinese highway systems, there is an interesting discussion concerning whether there is a 
significant difference in efficiency levels between these three regions in China. This difference can be seen in 
Table 5. The data in the first three columns show that there is a significant difference between regional 
management capacities. The data in the three columns on the right indicate their management levels and scale 
efficiency. The results of the non-parametric test reveal that there is no significant difference in management 
levels in the same regions. A possible explanation is that due to the great efforts the east has made to accelerate 
the development of its economy, its output scale is higher than that of the Central and Western regions, which 
leads to an increasing difficulty in its management, as can be seen from the mean value analysis of indicators. 
When scale efficiency is taken into consideration, there is no significant difference between the Central and 
Western regions. But the Eastern region is more efficient and its higher efficiency suggests that the Central and 
Western regions need to accelerate the development of their highway constructions in order to narrow the 
differences between them. 
Table5.  The regional efficiency tested by Wilcoxon test 
VRS efficiency CRS efficiency 
Objects Wilcoxon  P-value Objects Wilcoxon  P-value 
East vs. Mid. 93 0.702 East vs. Mid. 70 0.041 
East vs. West 95 0.203 East vs. West 72 0.003 
Mid. vs. West 89 0.400 Mid. vs. West 92.5 0.549 
Table6.  Management improvement direction of non-efficient DMU 
DMU Labour Mileage  Vehicles 
Passenger 
 turnover 
Freight 
 turnover 
Traffic 
 accident rate 
Hebei -29.5% 0.0% -29.3% 93.2% 1.6% 1.6% 
Shanxi 0.0% 0.0% 0.0% 116.0% 70.4% 42.7% 
Neimenggu 0.0% -35.8% -5.1% 165.3% 8.0% 8.0% 
Liaoning -19.5% 0.0% -17.8% 28.5% 13.8% 13.8% 
Jilin 0.0% 0.0% -17.7% 13.2% 12.5% 12.5% 
Heilongjiang -30.3% 0.0% 0.0% 93.6% 109.9% 4.9% 
Zhejiang 0.0% 0.0% -4.3% 9.3% 9.3% 76.6% 
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Fujian -2.3% 0.0% 0.0% 36.9% 36.9% 36.9% 
Sichuan 0.0% -14.7% 0.0% 5.0% 164.1% 5.0% 
Yunnan 0.0% -17.0% -14.5% 39.1% 184.4% 10.5% 
Shaanxi -25.0% -3.3% 0.0% 16.7% 16.7% 16.7% 
Gansu -3.3% -5.4% 0.0% 20.6% 20.6% 20.6% 
Qinghai 0.0% -40.5% 0.0% 120.6% 36.4% 36.4% 
Xinjiang 0.0% -39.7% -26.5% 70.6% 171.5% 70.6% 
Non-efficient DMU can obtain its improvement target value for its relative efficiency by being projected onto 
the efficient frontier. The method can be seen in Section 3 and the results are listed in Table 6. The negative 
numbers indicate the reduced ratio of the improvement target value to the current value of the system whereas the 
positive numbers show the opposite. The projection analysis helps management authorities to deal with the main 
problem and to use the limited resources to maximize the improvement. For example, for Sichuan, Yunnan and 
Tibet, increasing their freight turnover is their top priority, whereas for Hebei, Neimenggu and Qinghai, they 
have to increase their passenger turnover. For the latter, a possible solution is for their local governments to take 
high priority over tourism in their work planning, since they are rich in natural tourism resources. Shanxi and 
Heilongjiang need to increase both passenger and freight turnover. 
7. Conclusions 
This paper has conducted an empirical study on the relative efficiency of Chinese highway systems by using 
DEA-CCR and DEA-BCC models. The input indicators used here include operational population, weighted 
highway mileage and commercial vehicles. The output indicators for this study are total freight and passenger 
volume and turnover and traffic accident rates. The road mileage as an indicator has proved to be more consistent 
with the reality when it is processed by the order relation analysis method. The traffic accident rates represent the 
externalities of highway systems.   
The research results suggest that 64.5 % of provinces show decreasing returns to scale. These findings have 
further supported the argument put forward by some scholars th
systems. The nonparametric Wilcoxon test reveals that there is no significant difference in management levels 
between the three different regions. It also reveals that there is management level inefficiency in 14 provincial 
highway systems, which accounts for 45% of the studied provinces. Furthermore, the improvement targets of 14 
non-efficient highway systems have been measured. Hainan, Anhui, Ningxia are found to be the more efficient 
provinces whereas Yunnan, Shanxi and Heilongjiang are the least efficient.  
In this paper, DEA model has proved to be the most powerful tool to evaluate the highway systems and the 
strict choice and initial processing of indicators has been found to be of great significance. The scores of 
management level efficiency and scale efficiency of the evaluated regions provide insightful information about 
how the management authorities allocate their resources in order to maximize their highway system output 
efficiency. 
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